The effect of different isospin-dependent cross-section on directed flow is studied for variety of systems(for which experimental balance energies are available) using an isospin-dependent Quantum Molecular Dynamic (IQMD) model. We show that balance energies are sensitive towards isospin-dependent cross-sections for light systems, while nearly no effect exist for heavier nuclei.
I. INTRODUCTION
The heavy-ion physics branch has been renewed interest very recently. This ranges from the fusion probabilities [1] to symmetry energy dependence at intermediate energies as well as fragmentation of colliding matter [2] . One observable that has been used extensively for extracting information from heavyion collisions is the collective in-plane flow of various particles [3] [4] [5] [6] [7] [8] [9] [10] [11] . Apart from trans-Theoretically, the disappearance of directed flow is studied using the Boltzmann Uehling Uehlenbeck (BUU) model. [6, 7, 12, 15] and Quantum Molecular Dynamics (QMD) model [3] [4] [5] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] . Different theoretical attempts considered either a stiff or soft equation of state along with a variety of NN crosssections. Very recently, Puri and co-workers [10] , conducted a very detailed analysis on the balance energy over entire periodic table with masses between 24 and 394. These study shed light on various aspect of nuclear dynamics. Unfortunately, this study along with all other studies reported in literature are limited to Central/Semi-Central Collisions only [10] . Following this work, the detailed analysis on the the semi-central and peripheral collision is performed by the Puri and co-workers in 2010 [22] . All these studies indicated enhanced cross-section of 40-55mb with stiff equation of state to verify the balance energy in intermediate energy heavy-ion collisions. All these studies were independent of isospin effects. The first study showing the isospin effects on the collective flow and balance energy was reported by Li et al. [9] using the isospin dependent Boltzmann Uehling Uehlenbeck (IBUU) model, where strong dependence of isospin effects was observed. In another contribution [13] , they suggested the demand of reduced isospin dependent crosssection(σ = 0.88σ N N ) to better explain the experimental data. Chen et al. [11] studied the effect of isospin degree of freedom on the balance energy using isospin depen-dent Quantum Molecular Dynamics (IQMD) model, which was an improved version of original QMD model [2, 10, 18] . The calculated results were found to differ from the data at all colliding geometries. Recently, Gautam et al. [23] also studied the isospin effect on the balance energy by using IQMD model [24] , and also compared their findings with the other theoretical and experimental findings. They demanded to take care the Gaussian width(L) and cross-section (σ = 0.88σ N N ), while studying the isospin effects in intermediate energy heavy-ion collisions.
From the above, it is cleared that one is demanding an enhanced constant cross-section [10] in QMD model. On the other hand, it is also observed that the reduced isospin dependent cross-section is valid for the soft as well as for soft momentum dependent equation of state [13, 23] within IQMD or IBUU model.
The systematic concept of enhanced and reduced isospin dependent cross-sections in the presence of hard equation of state is missing throughout the literature. Moreover, the effect of isospin dependent cross-sections are studied on the limited systems experimentally as well as theoretically [8, 9, 11, 23, 24] .
We plan to study the effect of enhanced (30 % of σ N N ) as well as reduced (30 % of σ N N ) isospin dependent cross-sections in the presence of hard equation of state on the systems for which the experimental finding energy is predicted in the literature and then will compare the results with experimental findings.
For this study, we will employ isospin dependent Quantum Molecular Dynamics(IQMD) model which is discussed in sec. II. The results are discussed in sec. III, followed by conclusion in sec. IV.
The isospin-dependent quantum molecular dynamics (IQMD) [24] model treats different charge states of nucleons, deltas and pions explicitly [24] , as inherited from the VUU model [25] . The IQMD model has been used successfully for the analysis of large number of observables from low to relativistic energies [23] . The isospin degree of freedom enters into the calculations via symmetry potential, cross-sections and Coulomb interactions [25] . The details about the elastic and inelastic cross-sections for proton-proton and neutron-neutron collisions can be found in
Ref. [24] . These cross-sections follow the data published by particle data group (PDG) for proton-neutron and proton-proton scattering [26] . In this model, baryons are represented by Gaussian-shaped density distribu-
Where L is the Gaussian Width. As mentioned in Ref. [24] , in IQMD the value of Gaussian width L depends on the size of the system. This system size dependence of L in IQMD has been introduced in order to obtain the maximum stability of the nucleonic density profile. Therefore, in the present study, by checking the stability, we have taken the value from 0.5L to L. Its earlier version QMD has been very successful in explaining the multifragmentation [27] , temprature and density [28] , flow [29] , multifragments [2] and particle production [30] .
Nucleons are initialized in a sphere with radius R = 1. The hadrons propagate using Hamilton equations of motion:
with
The baryon-baryon potential V ij , in the above relation, reads as:
Here Z i and Z j denote the charges of i th and j th baryon, and T whereas, much more believe the matter to be harder in nature [25, 31] . For the present analysis, a hard (H) equation of state, has been employed along with standard energy dependent cross-sections. Note that the relativistic effects are neglisible at these enegies [32] .
III. RESULTS AND DISCUSSION
We study the directed flow using a stiff There are two methods in the literature used to find the balance energy [10] . In the first case, the balance energy is extracted from the P x /A Plots, where P x /A is to plotted as a
which is given as.
where E(i) and P z (i) are respectively, the total energy and longitudinal momentum of i th particle. Naturally, the energy at which this flow passes through zero is called balance energy. The second method is to study the incident energy dependence of the directed trans-
, which is defined as
[10]
where Y(i) is the rapidity distribution as discussed above and P x (i) is the transverse momentum of the i th particle in x-direction.
This P dir x is defined over entire rapidity region and therefore expected to present an easier way of measuring the in-plane flow rather than complicated P x /A plots. In the present study, we have tried to study the effect of isospin dependent cross-sections on the flow or alternatively on the balance energy by using both of the parameter and then the detailed study is extended with later one.
In Fig. 1 Further, the detailed analysis of rapidity distribution of transverse momentum P x /A for different systems at different energies with σ = 0.9σ N N is displayed in Fig. 2 . with increase in the system mass. Similar findings are also published by Puri and co-worker [10] . Note that their study did not take isospin effects into consideration. indicating the similar scenerio with P dir x as is depicted with P x /A . Below the balance energy (in Fig. 3 ), the directed in-plane flow is negative during the initial phase of reaction for all the systems under consideration. This becomes positive at sufficient high incident energy say E=200 MeV/nucleon (in . Out of these, as discussed earlier, P dir x is the simple and more useful quantity, because it is summed over entire rapidity distribution, that is why, P dir x is elaborated in detail for the further study. Similar parametrization was also performed by Sood et al. [10] within QMD model.
They also found that enhanced cross-section (σ = 40mb) can best explain the data.
In contrary, calculation in IQMD model demand reduced value of cross-sections.
The difference is due to the additional effect of isospin dependent cross-sections in IQMD model [24] , which were absent in QMD model. As in QMD model, the strength of nn, pp, pp cross-section is taken equal, while in IQMD, σ np = 3σ pp ≈ 3σ nn [24] . By taking the Ref. [10] into account, which depicts, that for heavier colliding nuclei E bal is independent of the cross-section one is choosing, we have plotted in Fig. 7 the
composite mass of system. Our findings are also supporting the findings of Ref. [6, 12] .
∆E bal is maximum for lighter systems and it goes on decreasing with system mass. It is also indicating theoretically that balance energy is almost independent of the nucleonnucleon cross-section for the heavier system such as Au+Au, U+U etc.
In Fig. 8 out, demand for an enhanced cross-sections [10, 33] along with momentum dependent interactions [27] . Our calculations about the strength of reduced NN cross-section is in agreement with earlier calculation, where disappearance of transverse in-plane flow [23] as well as elliptical flow is parametrized with experimental data [13] .
We have also tried to fit the balance energy in terms of other parameter such as the neutron to proton ratio of colliding nuclei.
This attempt is shown in Fig. 9 interaction for 12 C 6 + 12 C 6 , which is earlier studied by Sood et al. [10] by using QMD in the presence of momentum dependent interactions.
